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PREFACE
The great importance of care and study in the design of
details of alternating current transformers becomes apparent when
one considers the great amount of such apparatus in use at the
present day.
Considerable data has "been collected along this line
within the last few years, especially by the larger manufacturers,
but this, of course, is not at the disposal of the general engin-
eering public.
It has been the object of this study to ascertain the
value of certain details of design, and become familiar with cur-
rent practice in transformer design and testing, touching especi-
ally upon the magnetic circuit and its components.
The opportunities in this field for research are unlimi-
ted, but a lack of time prevented further investigation on the part
of the writers.
The further development of the method using a sensitive
e 1ectrodynamometer as a flux measuring instrument should offer,
great inducements to the searcher in this field.
The experimental determination of the effects of air gaps
gives an opportunity for precise work which would yield commercial
benefits.
Digitized by the Internet Archive
in 2013
http://archive.org/detail^tudyoftransformOOgray_0
*
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The decree of perfection of transformer core joints, and
its relation to the type employed, conditions as to prssure and
quality of contact would form a basis for investigation Which would
undoubtedly lead to improvements in this respect.
The writers are indebted to Professor V/. Esty, of the
department, for valuable suggestions as to tests and methods.
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1CHAPTER I
INTRODUCTION
The alternating current transformer has opened up and
made possible the development of a branch of electrical industry
which a few years ago would have seemed impossible. Perhaps the
most striking illustrations of electrical development along the
line referred to above are: the generation of electric power at
Niagara, and its subsequent economical transmission to Buffalo,
and the performance of the Fresno plant in California. In this
latter, power is developed by a water fall and transmitted to
Fresno, a distance of thirty five miles. Step up transformers are
used at the generating end. The line tension in both cases is
about eleven thousand volts. Step down transformers are used at
the distributing end.
The chief use of the transformer is not, however, to
aid in the economical transmission of power from a generating
plant, such as referred to above, but rather in the distribution
of energy for lighting and power purposes in large cities. Here
power is generated at a central station as nearly as possible at
the electrical center of gravity of the distributing network. The
,
saving in copper conductors varies as the square of the voltage
of transmission* In order, therefore, to take advantage of this
fact, where any considerable amount of power is to be transmitted,
the current is either generated directly at high pressure, or
raised1 to a high pressure by me;;.ns of step up transformers. In
I
r
either case, at the point of utilization, other transformers are
installed to lower the voltage*
Losses take place in all transformers, and it should be
the object of every station manager to reduce these losses to a
minimum. The difference between a paying and non-paying plant
may exist only in the transformers used on the line. The all day
efficiency of transformers should receive special attention from
the manager. The no load current of some transformers may be so
high as to make their all day efficiency less than seventy five
per cent.
The following are some of the requisites of a good
transformer? and are the points especially pertinent to the mana-
ger. First: regulation, the drop in secondary voltage between
! no load and full load -should not exceed three per cent. Second,
iron losses: the watts lost in the iron core should not exceed
35 watts for 100 watts capacity, and 45 watts for a capacity of
1500 watts. Third, temperature rise: the allowable rise of tem-
perature above that of the surrounding air after a ten hour run
at full load, should net exceed 70 degrees Fahrenheit. Fourth,
insulation: the disruptive strength of the insulation between
coils and between primary and iron core should, when heated by a
ten hour run, be ten times the primary voltage. The insulation
resistance, when heated as described above, should be guaranteed
to be not less than ten megohms. Fifth, exciting current: the
i exciting current of a 1000 volt, one kilowatt transformer, should
not exceed 0.06 ampere, and for a two kilowatt transformer, the
* A. H. Ford, Tests of American Transformers, U. of W. Bulletin I, 1

Qvalue should not exceed .085 amperes.
Transformers Which do not meet the heating and insula-
tion requirements above are unsafe to "be installed and used upon a
commercial lighting circuit. Those which do not come within the
requirements stated for regulation, iron loss, and exciting cur-
rent not only afford poor service to the consumer, hut waste the
power and profits. The iron core is heated more or less when the
transformer is under load. This heating is produced by -- hyster-
esis, foucault currents, and by radiation and conduction from the
copper coils, the copper being heated by the resistance which it
offers to the passage of the current.
The work done in changing the state of magnetization of
the core is called hysteresis, and appears in the form of heat.
The subject of hysteresis is more fulfy treated in the next chapter.
The continual surging back and forth of the magnetic
flux, through the iron mass, sets up electro-no tive forces in that
mass, which produce eddy currents. The energy of these currents
is dissipated in the form of heat.
The energy dissipated in the copper windings, primary and
secondary, varies directly as the resistance of the coils and as
the square of the current.
In order to reduce the hysteresis loss, proper iron must
be used in construction. The loss due to hysteresis can be pre-
determined by taking the hysteresis loop of the material, as de-
scribed later
To guard against foucault currents, the magnetic circuit

4in the direction of the current flow, is made with a considerable
reluctance. This is accomplished by building up the cores of
electrically insulated laminated strips. For a given value of
the flux density B, the electro-motive forces will vary directly
as the area of the cross section^ The currents are inversely pro-
portional to the resistance of the circuit, in other words, the
greater the thickness of the stampings of the core, the stronger
the foucault currents. As the thickness increases, therefore,
the electro-motive "forces producing foucault currents increase,
and an increase in quadratic ratio of these currents results.
Hence the power lost varies as the cube of the thickness" It has
been found in practice that a core built up of plates varying in
thickness from 0.25 mm. to 0.5 mm. (0.0133 to 0.0196 inches) gives
reasonably small foucault current losses. The thinner plates are
adaptable to frequencies in the neighborhood of sixty cycles. It
is not advisable to reduce this thickness because of extra expense
in manufacture, a greater number of plates being required for a
given cross sectional area. Moreover- by reducing the thickness,
the space required for insulation increases.
As stated above, the copper loss varies directly as the
resistance and as the sauare of the current. The relation which
shallexist between the core losses and the copper losses of any
transformer is a question of design. There are no fixed rules
regarding the adjustment of these losses, and the best way to de-
termine what the loss assigned to each shall be, is by method' of
trial and error.
|*Kapp, Transformers, p. 20.

rAs a rule transformer cores are built up of straight
strips, and when assembled have four joints; in the core type of
transformer these joints are fou d at each of the four corners of
the rectangle. Of course, with the strips made in the form of
rectangles, that is, in one piece instead of four, no joints
would exist in the core, and a continuous magnetic circuit would
be obtained. This would reduce tne reluctance of the circuit,
which is a great advantage, but this advantage is more than coun-
ter balanced by the inconvenience of winding, it being necessary
to thread the wire through the interior opening for every turn.
When the joints are dovetailed, as is the case in the cores fur-
nished by the New York and Ohio company, the reluctance of the
joint is very snail, as will be seen later.
Having recognized the necessity foi? determining the per-
formance of transformers, we have included in this work a number
of tests on different types. Only such tests have been made as
might prove beneficial to a person confronted with the question
of scrapping a number of old style and uneconomical transformers.
Exact methods have not been a.imed at, but only simple
methods, giving good satisfactory results with the minimum ex-
penditure on apparatus.
A test/made on the New York and Ohio transformer cores
has been carried out with ordinary care, and we believe that the
results obtained represent to a fair degree of accuracy the true
relation existing between the different types of cores.
Whenever the terms primary and secondary coils are met

with in this work, it will he understood that they are intended
to designate the fine and coarse wire coils respectively.

7CHAPTER II
HYSTERESIS TESTS ON RING STAMPINGS
The magnetization curve and the hysteretic cycle fur-
nish reliable indications as to the quality of the iron which is
to be emplojred in the construction of any electrical apparatus.
It is not merely for laboratory practice that such tests are
made, for they are important factors in the design and construc-
tion of generators
,
motors, transformers, and other such machin-
ery. For the efficiency of such apparatus depends largely upon
the quality of the iron used in its construction. No manufac-
turer, therefore, would be likely to use a brand of iron, in a
machine, which showed on being tested either a very low permea-
bility or a high hysteresis loss if it were not, for commercial
reasons, more effective to use more material, worked at a lower
flux density, in some parts of the apparatus.
The yoke, or frames, of dynamos are often constructed
of cast iron because of the cheapness of this material, and,
while its permeability is low, the magnetic cross-section in
these parts of the machine may be enlarged, with a corresponding
decrease of flux density, keeping at a minimum the required mag-
netizing force. The increased weight of the machine may also be
advantageous for the sake of rigidity. The armature, on the con-
trary, is always built up of annealed sheet steel or iron, which,
for a given magnetizing force, shows a higher density, with a
proportional decrease in volume, a very desirable condition for

constructional reasons*
In the transformer we have nearly the same conditions
as in the armature of a generator, with the exception, however,
that here the prime necessity is a low hysteresis loss, the
requisite of next importance being a high permeability. The vol-
ume of iron should be small in order that for a given number of
turns a small amount of copper may suffice.
Losses due to hjrsteresis are caused by the molecular
friction which iron offers to a change in its state of magnetiz-
ation. That is, the magnetization lags behind the magnetizing
force. In order to show that this lag actually takes place, and
to obtain a measure of the energy dissipated in this way, the
1 hysteretic cycles of all specimens have been determined, and will
be found beginning on page 44.
In order to obtain results which represent the losses
under actual working conditions, it is necessary, as nearly as
possible, to reproduce those conditions in the laboratory. Now
the losses due to hysteresis are due to the work done upon the
iron in changing its state of magnetization. As an alternating
current is used for magnetizing the transformer core, the magnet-
ization will begin, let us say, at zero, and will follow through
the various values with the current. As the current increases,
following a periodic wave function until it reaches a maximum,
thai decreases
,
passing through zero, thence increases to a nega-
tive maximum; it again decreases, passing through zero, returning
to a positive maximum. As before stated, the magnetization passes

through these various steps with the current, but lagging behind.
In actual practice this takes place many times per second, depen-
ding upon the frequency employed.
Now when the current changes from positive to negative
direction, or vice versa, the iron is already magnetized, and part
of the energy of the current is required to overcome this magnet-
ization, the rest of the energy due to the current , being employed
to magnetize it in the opposite direction. Hence there is a loss
in this process and the amount of this loss is dependent upon the
readiness with which the iron responds to a change in the magnet-
izing force.
The hysteretic loop shows this loss for one complete
cycle. Having obtained the loop, its area is integrated by means
of ths planimeter, and then, by applying Steinmetz' formula, r) ,
the hysteretic coefficient, may be determined. The hysteresis
loss per cubic centimeter per cycle, in terms of the area of the
loop, is equal to JkdB -5- 4TT.
"
These hysteretic loops were obtained by the ballistic
method. The diagram of connections for this method are shown on
page 101. P is a coil of number eighteen B. & S. gauge magnet wire
wound upon the ring stampings furnished by the G-eneral Electric
company. S is a second coil of a fewer numba? of turns wound upon
a certain portion of the ring. is a resistance box, divided
into tenths of ohms, and R- is another resistance box, of the
ordinary units. G is a ballistic galvanometer, with a period of
twentj' three seconds. E is an earth coil, with which to calibrate
'"'Ewing
,
Magnetic Induction in Iron and Other Metals, p. 99.

the galvanometer. As seen in the scheme of connections, these
are placed in series in circuit with the coil S. In series with
the coil P are found a Pohl commutator, a rheostat R, and a
storage battery S B.
The principle of the method is as follows. Y/hen the
flux through the coil S, containing ru turns, is varied by an
amount N, the electro-motive force generated is equal to the
time rate of change, or e = ~. Or since there are n n turns m
dt 1
the secondary coil, the time integral of the electro-motive
force generated in the coil = n^N. Let the total resistance in
the circuit of the secondary coil be r; then the quantity of
electricity passing through the galvanometer will be n^N r.
all these quantities are in C. G. S. units. It now remains to
obtain the constant k of the galvanometer, to find what quantity
of electricity a certain deflection corresponds to. The earth
coil E, with a total face area of A square centimeters, is placed
at a point for which the horizontal component of the earth's
magnetic field has been measured previously. The product of the
earth coil face area, the number of turns upon it, and the hori-
zontal component, H, of the earth's magnetic field, gives the
quantity of electricity for one-half turn of the earth coil.
For revolution through ?60°, Q,, the quantity cf electricity gene-
rated, is equal to 2AH*r = d^k, whence k = 2AH * d^r. Assume
that dp is the deflection due to the 'addition or subtraction of
K lines of force, through S; then d^k = n^N * r^ , the resistance
being changed to r, . Combining these last two equations, N is

ufound to be equal to riAHr^d,^* d^rn^. If is the net area of the
core stamping and AB is the change in flux density, then AB is
equal to N * A, = 2AHr^d * A^d^rn^. The strength of the magnet-
izing force is 47tno I , where n is the number of turns per centi-
meter of length of the coil P, and I is the current in C. G. C.
units = ten times its value in amperes.
The I ethod of Procedure: The specimen, if previously
used, should be carefully demagnetized by the method of reversals
as follows: The current is brought to a value such that the mag-
netizing force H is at least equal to the value used upon it in
the previous experiment. Then, by means of the Pohl commutator,
the current is rapidly reversed in direction, the current in the
meantime being slov/ly decreased, until it reaches zero, by the
rheostat.
Assuming now that the specimen is demagnetized, the
connections are made as previously explained, with the addition
of an ammeter in the storage battery circuit. The step by step
rheostat is now used to increase the current, by desirable incre-
ments, from zero to a maximum, the galvanometer deflection cor-
responding to each change being noted. It is usually necessary to
run through a preliminary cycle to find what resistances shall be
used in to make a suitable magnitude of deflection for the
scale at different points on the cycle.
The same process is now repeated for decreasing values
of the current. If the deflections of the galvanometer r/ere to
the right on increasing the current, they may be termed positive,

being in the opposite direction, or negative, when the current is
decreasing in value.
When the current reaches zero it is reversed and is in-
creased in the opposite direction to a negative maximum. The
deflections up to this point are still negative, as the magneti-
zation has been building up in a direction opposite to that in
which it started. From a negative maximum the current is decreased
in value to zero, reversed in direction, and increased to a posi-
tive maximum once more. This makes a complete cycle. The first
quarter cycle is a simple magnetization or B and H curve.
Data.
The ring stampings, which wre the first worked upon,
were obtained from the General Electric company. Only one was
tested. When received it was already built up. The outside diam-
eter of the ring was 16.2 cm. (6.38 in. ) and the inside diameter
7.65 cm. (3.02 in. ). The rings were made up of laminae =.043 cm.
(.017 in. ) thick, with a cross sectional area of 0.1837 so. cm.
(.0285 sq. in. ) each. There were 124 sheets in all, which gives a
total net cross sectional ares, of 22.8 sq. cm. (3.54 sq. in. ). The
radius of the path of the flux v/as 12.825 cm. (4.73 in. ) and the
length 40.3cm. (15.9 in.).
The core was wound with 100 turns of number 18 B. & S.
gauge magnet wire for the magnetizing coil, and five turns of num-
ber 25 for the secondary. Demagnetization of the specimen was
accomplished by connecting the primary coil in the 110 volt cir-
cuit of the U. of I. lighting plant. Further numerical data was
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as follows:
Number of turns in S. *'n. 5
Number of turns in P = n Tests T to III 463
2 Tests IV to VI 100
Mean length of magnetic circuit (15.9 in. )40.3 cm.
Number of primary turns per cm., n,-, , for I to III 11.5
IV to VI 2.48
Cross sectional are of ring, (3.54 sq. in. )22.8 sq. cm.
Number of turns on earth coil 117
Face area of earth coil (63.9 sq. in. ) 412.5 sq. cm.
Horizontal component of earth's field, H» 0*2
Deflection of galvanometer for one turn
of earth coil 206 mm.
Tables Al to A6 inclusive, from which were plotted
curves Al to A6, were obtained from this data in the following
manner.
Take, for example, values in table A3. The data in this
table was obtained from the ring as it was first wound. The
first column, headed I, contains corrected values of the primary
current, measured by V.'eston milammeter number 1S46, with a range
of zero to 1.5 amperes, and whose calibration curve was a forty
five degree line, almost its entire length. The second column,
headed H, contains values of the magnetizing force H, found as
follows: H = 4TTn I * 10 = 47Y::11.5 * 10 I = 14.5 I. Multiplying
any value of the current by 14.5 will, for the above conditions,
give the magnetizing force H. The third column, headed d9 , gives
the deflections of the galvanometer corresponding to the various
current values. The next column, number four, gives the values

of the total resistance in the galvanometer circuit. The fifth
column, headed AB , contains values of flux density through 8 Which
are subtracted from or added to the density at the next previous
value of the magnetizing force. This value, £B , is obtained from
the formula 2AMr^do + A^d-^rn^, derived as shown on page 11, by
substituting for the symbols their values in this case. Here
AB =(2 x 412.5 x 0.2 x r n x d )*( 22.8 x 206 x 10 x in) = .0413r.d«12 * 4
Take the first observation in the table, A3, as a con-
crete example. Here I = .05 amperes, hence H(= 14.5 I) is .435.
r^ here is f00 ohms, and dp 10 mm. , hence AB ( = . 0413r-, d ) is 207,
indicating that the value of the flux density through S has been
increased by this amount. The last column, headed 35B, contains
the algebraic summations of the previous column of flux density
increments. Thus it will be seen that the last column gives the
flux density in the core for any given value of magnetizing force
given in the second column, and the plotting of these two sets of
values will give the desired hysteretic loop.
Discussion of Results
The ballistic is usually accepted as a standard method,
but a glance at these curves will reveal the fact that in nearly
every test made on the specimen something was radically wrong.
Of the six curves taken, but three are at all satisfactory. They
are curves A2, A3, and A5. Curve Al presents a common character-
istic of results obtained by this method. So far from giving any
indication as to the quality of the iron, such a loop is almost
valueless. It would be interesting to carry the process on

through two oi* three more cycles and note the results.
There seems to be a tendency for all the curves to be
displaced cither one side ot the other of the base line. Curve
VI is the most striking example of this. In this curve the entire
loop is found to be above the base line, that is, B never becomes
negative. In nearly all tests of this kind there will be noticed
a slight displacement due to imperfect demagnetization, but im-
perfect demagnetization cannot account for the irregularity here
displayed.
The greatest fault of the ballistic method is that it
does not take into account the gradual changes of magnetization,
the so-called "creeping up" or "viscous hysteresisy which follow
any sudden change in H. Eut even this fault cannot explain the
phenomena exhibited by these curves.
It would seem, then, that the fault must lie in the
apparatus itself, and the galvanometer is the only part of the
apparatus which might show a behavior irregular enough to cause
these results. In fact, it did show a remarkable irregularity in
deflections for the same magnetizing force at the beginning of a
cycle just after demagnetizing a specimen. But this can be
accounted for by not having the demagnetization carried to the
same extent in the different trials.
There is one way, however, in which the peculiar dis-
placement of these curves might be brought about. It was found,
upon one occasion, during the determination of" the galvanometer
constant, that by reversing the galvanometer terminals the two
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deflections in opposite directions wore far from being equal; the
deflection to the left being 75 mm. , and to the right 175 mm.
The irregularity of deflection in the samp direction in determin-
ing the galvanometer constant on different days indicates that
something was wrong with the suspension fibre. This latter was a
silk strand, and nothing unusual could be detected in its appear-
ance.
Because of these irregular results, and a lack of time
to push this part of the investigation further, work on these
stampings was abandoned. Later, when it was necessary to obtain
the hysteretic cycles for the Packard stampings, more regular
results were obtained with the same apparatus. This was due to
the fact that in the meantime the galvanometer was overhauled, the
suspension fibre being replaced.
Of the numerous methods in the laboratory, none other
could be applied to either of the forms of stampings tested.
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CHAPTER III
TRANSFORMER TESTING
The following are the transformers tested:
Name Type Capacity Voltage
kw. Primary Secondary
Packard (two) core 1 550 55 or 110
Thomson-Houston core 1.5 1040 52 or 104
Phoenix shell -- 1000 100
Diamond shell 1.5 1000 50 or 100
The following data was obtained for each transformer:
Resistance of coils. Core loss.
Regulation. Effect of frequency.
Copper loss.
Methods
Regulation: The regulation of the transformers v:as de-
termined by using two voltmeters and a wattmeter. The voltage was
kept constant, at the normal pressure, on the primary terminals,
and the electro-motive force at the secondary terminals observed
as the load increased. The secondary voltage is plotted against
the load in order to obtain the regulation curve.
Copper Loss: The method used was that of Dr. Sumpner'/
in which a wattmeter, ammeter and voltmeter are employed, being
connected as shown in plate B2, W being a wattmeter, A an ammeter,
and V a voltmeter. It will be noted that the secondary is short
circuited through the ammeter, and the electro-motive force applied
at the primary terminals. , By means of the water rheostat R the
impressed voltage is varied until the amperes through the secon-
dary, as indicated by the ammeter, are equal to the full load sec-
*Dr. Fleming, J.I.S.E.
,
XXI, p. 740.

ondary current. The wattmeter reading gives the watts lost in
overcoming resistance and heating the copper. The core loss, under
these conditions, is negligible.
Core Loss: Dr. Sumpner's method was used in this deter-
mination also, and the connections are given on plate B2. The
symbols used are the same. Here the primary is left on open cir-
cuit, the electro-motive force being impressed on the secondary,
and being kept constant at the normal full load voltage. The
wattmeter reading, in this case, gives the iron loss plus a slight
copper loss, which is small enough to be negligible.
Frequency: The effect of variation of the frequency was
worked out in a few cases, and the results are shown in the ta-
bles. But two frequencies were obtainable; one from the plant of
the University lighting system, 440 volts at sixty cycles, and the
other of 125 cycles, at 1100 volts, from an eighteen kilowatt
Thomson-Houston alternator, located in the electrical laboratory.
Resistance: The resistance of the coils was measured on
a post office type of the '.Theat stone bridge. The maximum ratio
obtainable in the ratio arms was one to one thousand, and the
smallest unit in the other arm was one ohm. Hencs the box, with
the aid of a galvanometer, would read directly to one-thousandth
of an ohm, and, by interpolation, readings could be obtained to
one-ten thousandth of an ohm. A d'Arsonval galvanometer was used.
Results
Diamond Transformer: The results of the experiments on
this transformer will be found on plate CI and table CI. The
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regulation curve shows a drop of 7.6 per cent, in voltage between
no load and full load. The copper loss is not excessive, and the
I core loss, on 121 cycles, is 80 watts. The efficiency is found
by dividing the output by the input, or, since the input equals
the output plus copper and core losses, the efficiency is equal
i to the v/Htts output divided by watts output plus los-s. These values
are plotted for the different loads. The efficiency reaches a
value of 32 per cent, at a little over one-third load, and then
gradually increases to 91.5 per cent, at full load. This is very
good for so small a transformer, especially one of so old a pattern
Phoenix: The results of the tests on this transformer
j
will be found in table C2 and plate 02. The regulation curve
shows a drop in voltage of 8.5 per cent, from no load to full load.
The losses are somewha,t lower than for the Diamond, the core loss
being 57.5 watts on 121 cycles. The efficiency is shown on the
curve sheet to be considerably higher that of the Diamond, plotted
beside it, as it reaches 88 per cent, at one-third load, gradually
increasing to 94.5 per cent, at full load.
Thornson-Houston: Table El and plate Bl show the results
of the tests on the Thornson-Hous ton transformer. The regulation
i is poor, ranging about the same as for the Phoenix and Diamond,
the drop in voltage being 7.9 per cent, between no load and full
load. The copper loss is about the same as for the two preceding.
The core loss is 52 watts at 116 cycles. The efficiency is nearly
the same as for the two preceding transformers,' being 87 per cent,
at one-third load and 9c per cent, at full load.

—
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Packard No. 22632: The results of the tests on this
transformer will bo found on plate D2 and table Dr. There Is an
improvement in regulation over the others just given, the drop in
voltage being 3.2 per cent, from no load to full load. The effiel
ciency is PI por cent, at one-third load and 95 per cent, at full
load. The core loss is 45.8 watts on sixty cycles.
Packard No. 22531: Table Dl and plate Dl give the sum-
marized results of the tests. The regulation of this transformer
is not as good as that of the other Packard, the drop in voltage
being 3.5 per cent, between no load and full load. The core loss
is 42.2 watts on sixty cycles.
Data was also taken on this transformer for the appli-
cation of a graphical method of predetermining regulation. This
method was brought forth by Bedell, Chandler and Sherwood.** The
diagram of connections for obtaining the necessary data is similar
to that on plate B2, for copper losses, differing only in that the
secondary is short circuited direct, the ammeter being placed in
the primary circuit. The readings are of volts, watts, and am-
peres, the instruments being read when the voltage is so adjusted
as to ^ive the normal full load current in the primary. The fig-
ure on the next page illustrates the method of procedure after the
readings are obtained. QII is made equal to the voltage read above,
is the angle whose cosine is equal to the true watts divided by
the apparent watts. NP is drawn perpendiculr : to OF, and produced
to M, making NM equaldj* -r l)e, where I is the- reading of the an-
meter, I* is the magnetizing current(see page 30 for method of
' :
'E. W.
,
"0:190, Aug. '97.
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obtaining this value), and e is the normal primary voltage. MO is
made equal tc c, OL is laid off equal
to one-half of OF, PL( equals MN) is
drawn perpendicular to OQ,, and PS Is
made equal to OL. 0*
If the ratio of transformation were unity, the difference
between the length of OM and SM would be the drop in voltage. For
any other ratio SM is divided by that ratio, and the result ob-
tained will be the secondary voltage, knowing which, the per cent,
drop between no load and full load can be easily determined.
We will now see how the regulation determined by this
method compares with that the other gives. The primary voltage
necessary to send the full load current through the primary coil
was 18.2 volts; the watts core loss was 29, and the current was
1.825 amperes. Cos 4 = 29 +(18.2 x 1.825) = 29 * 33.2, which is
plotted to obtain the angle The magnetizing current was .105
amperes, calculated by the method described in chapter IV. The
Plght triangle CNF is now constructed to a convenient scale. QJT
is made equal to 18.2 volts. The length of SIS is found from the
formula already given. NM = ely* 4- I =(550 x .105)* 1.825 = 31-7
OM is next made equal to 550 volts, and 0L is made equal to one-
half OF. PL(=31.7) is erected perpendicular to 00, and PL! is
drawn. PS is laid off equal to 0L, and SM is measured. It was
found to be 534 units long, hence the secondary voltage would be
534 -r 5 = 106. The drop in voltage between no' load and full load
would then be 110 -106 = 4 volts, or 3.5 per cent. , which agrees

fairly well with the drop measured by the other method. For the
theory of this method, see the appendix of the reference given be-
fore. "
Discussion of Results
The tables of data show the different values of the iron
loss for two different frequencies. It will be seen that the losses
for the higher frequencies are the lower. This is because with a
given impressed voltage the induction is lower, and the core loss
depends upon the value of the induction, varying as the 1.6 power
of it. The core loss varies as the square root of the frequency.
The methods used and described here are those, which,
while they may not give the most accurate results, are quite suf-
ficiently accurate for workshop tests. Sumpner's method for de-
termining core and copper losses is exceedingly convenient to manip-
ulate and requires comparatively few readings. The method of deter-
mining the regulation is very simple, and perhaps inaccurate, but
it answers sufficiently well for the purpose here intended. The
per cent, regulation is very low for all the transformers tested,
and it might be expected that some constant error had been intro-
duced in taking the readings were it not for the close agreement
between the results obtained by the two methods, graphical and
two voltmeter.
Conclusions
The results obtained show that out of five transformers
tested, three fell far outside the requirements that the voltage
drop should not be greater than 3 per cent, between no load and
*E.W.
,
50:190, Aug. '97. *D. C. Jackson , A. C. &A. G. Machinery
,
p. 514.

full load. Hence, on account of poor regulation alone, these three
would be removed from a lighting circuit. The efficiencies are
all surprisingly high. Of course the Packard transformers show up
to the best advantage, but it must be remembered that they are of
recent design and manufacture, while the other three date back
from five to eight years.
The graphical method of determining regulation is un-
doubtedly very accurate, and possesses the advantage of requiring
only one set of readings, but this one set of readings must be
taken v/ith great care. The scale used in laying off the values,
however, must necessarily be vers'' small, because of the large
quantities entering, such as the primary voltage.

CHAPTER IV
HYSTERESIS TESTS ON PACKARD CORES
The remarks concerning the hysteresis loops obtained
from the General Electric ring stampings will apply to the var-
ious forms of loops show in this part. The loop on plate
however, exhibits a characteristic not brought out in the other
discussion, in that it seems to embrace a second loop at the
negative maximum value of B. This was probably due to a momen-
tary change in the value of the current, which might have been
brought about in one of two ways.
During these experiments the current fluctuated to a
greater or. less degree , and while it was apparently steady the
greater portion of the time, it frequently varied enough to
cause a noticeable deflection of the galvanometer. This varia-
tion night have been due to the poor condition of the storage
battery, to an imperfect contact somewhere in the primary cir-
cuit, or to a leakage of current between the battery and testing
rooms. The other way in which the loop might have occurred is
the unintentional raising of the primary current to the value
next higher than that desired, by turning the controlling rheo-
stat handle one step too far, immediately afterwards bringing
it back to the proper point. At any rate, it was caused by an
increase of current with immediate decrease, as the flux may be
seen to follow such a course.
The areas of the hysteretic loops represent the watts

lost in hysteresis. These areas wore obtained, in square inches,
by means of a planimetcr. The amount of energy expended per cubic
centimeter of the iron per cycle due to hysteresis is equal to*
B and H are taken to scale, and the result is in ergs.
As an illustration of the application of this formula
let us take curve IV, plateE4 , and find the loss as there given.
By means of the planimeter we find that the area is 3.95 square
inches. One inch, taken along the axis of abscissae, is equal to
four units of H. Similarly, one inch taken on the axis of ordi-
nates, equals 4000 units of B. Hence one square inch is equal to
16000 units of B and H. The work represented by this area of one
square inch is 16000 4iT.ergs, and the work of the whole area of
the curve would therefore be 3.95 x 16000 * 471 ergs per cycle.
If there were sixty cycles per second the loss per second would
be sixty times that per cycle, or 60 x 3.95 x 16000 * 4rt = .030
x 107 ergs. To reduce this to watts we divide by 10^, making .03
watts per cubic centimeter of volume per second. The volume of
the core, as found by multiplying the net cross section by the
measured lengths, is 2610 cubic centimeters, so the total watts
lost per second in the core is 2610 x .03 = 70.3 watts.
Ewing, Magnetic Induction in Iron and Other Metals, p. 99.
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Chapter VI.
Effects of Joints.
This part of the work had for its object the determin-
ation of the relative efficiencies of two different styles of
transformer core joints.
The material wasjfurnished by the New York and Ohio
Company, and consisted of three complete sets of stampings. The
first set received was intended for a one and one-half kilowatt
transformer. It was built up of one hundred and twenty six thick-
nesses of transformer iron, each piece being 0.4 mm. (0.016 inch)
thick. One half of these pieces were covered with a thin film of
insulating compound, and they were assembled in such a way
that a bare and an insulated piece were always adjacent, tv/o bare
surfaces never coming in contact. The cores, which were built up
when received, were 34.3 cm. (13.504 inches) in length. Each strip
was 5.41 cm. (2.13 inches) wide, and the total net cross section of
the core was 27.18 sq. cm. (4.213 sq. in.). The end of
each strip was cut off at an angle of forty five degrees, forming,
when built up with other similar pieces, the dovetailed jtiitre
j o int
.
An examination of the sketch, plateT^, will make clear
the forms and differences of the two joints compared, the dove-
tailed nitre and .the dovetailed square . It will be noted that
in the former the end surface of thejstrips in contact is a sec-
tion equal to the product of the thickness of the strip and its
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width at forty five degrees to its length. In the square Joint,
however, the end contact surface is less, being equal in section
tc the product of the thickness and width. Thus the air gap 1 - ;
seen to be much greater in the dovetailed mitre jo : nt, and the
effect would be augmented were the ends not packed tightly, as
frequently would occur in commercial manufacture.
The hysteretic cycle was obtained, for this set of
stampings, by winding seventy five turns of number eighteen B. &
S. guage copper magnet wire on one limb of the core and fifty four
on another, completing the magnetic circuit by putting in the
ends, building them up from the stampings furnished as shown in
the sketch, plate . The ballistic method was then applied as
descrihed on page
The remaining two sets of stampings, furnished by the Nf-w
York and Ohio Company, were designed for one kilowatt transformers,
one of them being of the mitre joint and the other of the sqaure
joint type. At the company's works they were subjected as nearly as
possible to the same conditions of manufacture, being stamped from
the same sheets and placed side by side in all the subsequent
processes of preparation.
The method pursued in the comparative tests of these
two joints was based upon the theory that the magnitude of the
magnetizing current is an index of the quality of the joints in a
closed magnetic circuit.
In these last two sets of stampings, exactly similar
except as to the form of joint, the thickness of the pieces was
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[ 0.36 nun. (0.011 in.), their width being 4.74 cm. (1.0'* in.). The
side cores of the circuit, which were built up when received,
consisted of one hundred and twenty of these stampings each, put
together as shown. in the sketch, plate , where other dimensions
are also given.
In order to obtain the hysteric loops of these cores it
was necessary to wind the cores with a sufficient number of
turns of wire to give thejreqitired ampere turns with a current of
, 0.7 ampere, this being the limiting capacity of the current
controlling rheostat in the primary circuit of the ballistic method
apparatus. The magnetic circuit was completed, after winding, by
building in the end stampings as described before. Then the ballis-
tic method, asdescribed on page*
,
was applied, two loops being
I taken on each core, one with a high value for the maximum density,
and the other with an average working value.
After these determinations were completed, the end
stampings were removed, one of the limbs of each core carefully
!
rewound with one hundred turnd of number eighteen B. & 0. gizage
|| magnet wire, forming the primary coil, fifteen turns of number
twenty five magnet wire on the opposite limb forming the secondary
coil or test coil.
The core was then, after being rebuilt, connected in
a 110 volt, sixty cycle, alternating current lamp circuit as
shown in the diagram of connections on plate . Readings were
taken of the impressed volts, watts, a~nperes, and electrodynamom-
eter deflections, and are given in table , page

A description of the elcctrodynamometer may be found
on page 41 . Readings were taken on all the instruments for
each value of the current, which was varied by tehths of ampere:,
from 0.4 to 2 amperes.
Results.
The current values read were the effective values,
equal to 0.707 times the maximum values. This current is the
no-load current and is the resultant of two components at right
angles to each other; one component, known
as the magnetizing current, being at right
angles to the applied electro-motive force.
That this is the true relation
between the impressed electro-motive force
and the magnetizing current is shown by the following. When the
current has attained its maximum value , $ , the flux, is also a
maximum and the rate of change of lines is zero, hence the elec-
tro-motive force,. which is e = 0. Also when the current
dt
and therefore the flux pass through zero the rate of change is a
maximum and e is a maximum. These twe conditions can exist only
when the electro-motive force lags ninety degrees behind the pri-
mary current. In this case <$> is equal to ninety degrees, and
ei cos<f>, the power given out by the current to the circuit, is
zero, showing that the magnetizing current carries no power?
The other component of the no load current, however,
is a power current and is in phase with the impressed voltage.
It is the current which furnishes power to overcome hysteresis
"Kapp, Transformers, p. 77.

losses, and is denoted by i^, the magnetizing current by i^, and
the effective value, oa* resultant of the magnetizing and p /./or
currents, by i Q . Then 1Q is equal to (i^+i^) • From this last
expression the magnetizing current may be determined when the
other two factors are known; i being the current indicated by
the ammeter, and i equal to P divided by e, where ? is the watt-h
meter reading less a small copper loss, and e the voltmeter read-
ing of impressed volts.
In tableFS is given the three current values correspon-
ding to eleven different densities. The magnetizing current for
both cores is plotted as ordinates, on plate FS
,
against the
electrodynamome ter readings as abscissae, the latter being pro-
portional to the flux density, as explained on page 42 . The last
column in this table, headed 8 , contains the values of the total
air gap at all the joints, and was found as follows.
If 1 is the mean length of the path of the magnetic
flux, ^a. the permeability of the particular quality of iron in
the magnetic circuit at the flux density B, then the magnetizing
force"""of the current 1^ passing through n turns is 0.4 nlr divi-
ded by 1, where is in amperes; and B, the magnetic induction,
isi equal to times this quantity. If i^ is the effective value
of the magnetizing current, equal to 0-707 times I r , the maximum
value, B = 1.78Mni^ divided by 1, and i^ = Bl divided by 1.78 n.
This assumes that there is an uninterrupted magnetic circuit of
iron. This, however, is an impossible condition in commercial
transformer cores built up of thin strips, hence it is necessary
"'Kapp
,
Transformers, p. 77.

to modify this last expression if it is to represent the actual
conditions. S is taken as the sun of the length of air caps
or non-magnetic layers. The>~e will then be a gap of S + 4
thickness at each joint, and ance/'-^ i f r air, the magnetizing
force necessary to overcome the reluctance of the "joints is
0.4 n = SB, and the effective ampere turns B in = B + 1.78, or
i = B + 1.78n. It is necessary to add to the magnetizing current
%/* this current i which is required to overcome the{reluctance of
joints. Our equation then becomes f <
Colurns c -ntain the values of Bmax , Hmax and S respec-
tively for the different current values, in table Bmax was obtained
from B by multiplying by 0.707. B was obtained by reading the de-
flection of the electrodynamometer for a current value and dividing
the total flux to which this deflection corresponds, as given by
the calibration curve on plate by the total net cross section of
the core. is found by multiplying force, as determined by
using the effective current value, by 0.707 the square root of 2.
The value of permeability is found by dividing B by H for the dif
ferent flux densities.
Plate F2, which shows the curves for the magnetizing
current of both mitre and square joint cores, gives up the first
indication as to the comparative efficiencies of the two forms
of joint. The method cf obtaining these values was explained
©n this and the preceding pages. By comparing the curves it will be

seen that the mitre joint core requires a greater magnetizing cur-
rent up to a flux density corresponding to ajdeflection of 2C0 mm,
where the square joint core requires a greater value of the cur-
rent. At a deflection of 70 mm., which corresponds to a flux den-
sity of 5550 per square centimeter, the magnetizing current
required for the mitre joint core id equal to 0.475 amperes, or
0.475 *- 0.690 pet* cent, of the effective value of the current, i Q ,
since 0.690 amperes is the effective value of the current for that
density. 0.475 -5- 0.690 68.8 per cent, of the effective value,
iQ , of the current. For the square joint core, the same density
requires 0.435 amperes, which is|equal to 0.435 -?- 0.690 or 63.2
per cent, of the effective current. This corresponds to about the
usual working values, both for flux density and magnetizing cur-
rent .
The cause of the irregularity in the curve between the
values of 0.9 and 1.0 amperes for the magnetizing current is due
to the fact that at this point a different wattmeter was intro-
duced in the current. The maximum capacity of the one used up to
this po "'nt was one ampere, and the ammeter reading corresponding
to this magnetizing current indicated that the maximum of the
wattmeter had been reached before the change was made.
Table P2, page
,
gives, in column (g) , the values of
as determined by use of the formula discussed on the preceding
page. An inspection of the quantities used in this formula will
show that is not an independent determination.. It would there-
fore be expected to ag^ee in its indications with the results

obtained from the B and H curves, and the magnetizing current,
since these are the only quantities which could effect a variation
of for either Joint. The table referred to, F
,
however, shows
that these values vary without following any apparent fixed law,
and are extremely small. The v riation is probably due to instru-
mental errors which have been multiplied in the application of the
formula. The|results are therefore untrustworthy, and only
indicate that the effect of the air gap, in this particular case,
is very small indeed, and probably decreases with an increase of
flux density.
The B and H curves shown on plate PI, pare 8 J , are plot-
ted from data in table F3, page . As explained in the descrip-
tion of apparatus and methods, fifteen turns were put upon the
core as a test coil, and connected to the terminals of the elec-
trodynamometer circuit. Prom the readings obtained the value of
the total flux is determined, and, as the net cross section of the
core is known, the density is found by division. Multiplying this
by the square root of two, B_ax is found. H is determined by the
formula for magnetizing force: H = 4ni (10 times the length 1
cf the magnetic circuit). It will be seen that the mitre joint
requires the greater magnetizing current for a given flux density,
which agrees with the results before mentioned, showing a greater
reluctance to exist in the circuit of the nitre joints. In both
cases it may be seen that this difference in effects decreases as
the density increases, which is to be expected. For, as the den-
sity increases, the reluctance of the iron part of the magnetic
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circuit increases, the permeability decreases correspondingly,
and the effect of air layers in the circuit would be a smaller
percentage of the total reluctance than at lower densities. The
B and H curves could not be obtained for higher values because of
lack of facilities for the calibration of the electrodynamometer
for such values.
Turning now to the hysteresis loops for these cores, we
will see what, if any, light the results represented there will
throw upon the question. At the first glance it would seem that
these results are too irregular to admit of comparison. Loops
I and IV belong to the large core, which was of the nitre joint
type. Curves II and V are of the small mitre jo'nt core, with
maximum flux densities of 14000 and C330 lines per square ceti-
meter respectively. Curves III and VI are from the small square
joint core, with maximum flux densities of 13000 and 7000 respec-
tively.
All the loops show the effects of residual magnetism,
or something equivalent, each curve being displaced so as not to
be symmetrical about the horizontal axis midway between the ex-
trerae values of B. Curves II arid III alone approach the ideal
form. Since these are for two core's of different sizes, the only
comparison which can be made is in the watts lost in hysteresis
per unit volume, as given on all curves excepting No. II. As the
maximum value of B in the other determinations does not agree very
closely for the two styles of cores, we cannot compare these
results with any degree of accuracy. Let us make a comparison of

curve V, obtained from tho small mitre joint core, with curve VI,
obtained from the square joint core. Loop V, see plate E5, shown
a hysteresis loss of 7.4 watts at sixty cycles, and for a maximum
flux density of 6300. Loop VI gives 11.55 watts loss for a maxi-
mum density of 7000. But the watts lost -should vary as B 1
,
...
*
max
Hence, in order to determine what the lost watts of the mitre
joint would be when the density was increased from 6300 to 7000
apply this relation. It is evident that the loss required is to
7.4 watts as (7000) is to (6300) , or the watts loss is
equal to 7 .4(7000 ) 6*( 6300
)
X * 6
= 11.03 watts. This shows that as
far as the loss due to hysteresis is concerned, there is little
difference between the two joints, the watts lost on the square
-joint being 11.4 at a B „ of 7000, and the calculated loss of
max
the mitre joint being 11.03 watts, at the same maximum density.
This shows nothing as to the effects of the two styles of joints,
however.
Ewing* gives a discussion of the effects of a thin layer
of air in the magnetic circuit. He treats the subject graphi-
cally, and shows that when an air layer is placed in the magnetic
circuit there are three distinct effects. First, it requires a
greater magnetizing force to produce a given flux density.
Second, the residual magnetism is less, or, in other words, the
hysteresis loop will be narrower and on the return curve from the
positive Bm „ v the value of the magnetic induction will be less
for a given value of H. Third, when the air gap is very large,
and the iron soft, the loop will practically, collapse.
+
-"•Principles of the Transformer, Bedell, p. 310. Ewing, p. 266.

Let is now apply this discussion to the results shovm by
the hysteresis loops which we have just been considering. By
drawing the symmetrical horizontal axds of these loops, from which
we can measure the value of the induction, we may eliminate the
effects of residual magnetism. These axes are shown on the curves,
being drawn midway between the maximum positive and negative
values of B. Comparing curves II and III, since they represent
nearly the same flux, it is seen that in curve II, for a magnetising
force of H 6 units, reckoning from the symmetrical axes,
the magnetic induction is 12800. In curve III, for a magnetizing
force of H 55 6 units, B = 11000. Disranging thence curves
which show the residual magnetization, we see that for a
value of H = 2, in curve II, B is 11000, while in curve III, when
H = 2, B - 9500. But Bmax in II is greater than in III by 14300
minus 12500 = 1800. If curve III had been run to as high a den-
sity as curve II, the flux density corresponding to H = 2 would
have been 9500, as indicated above, plus 1800, or 11300 approxi-
mately. That is, the flux density on the return dylce from the
positive maximum value of B is, at a point where H = 2, higher for
the square joint core by 300 lines per square centimeter than for
the mitre joint core. In accordance with Ewing's statement this
indicates that there is but very little difference in the effect
of the air gap in the two cores, and that this difference is in
favor of the square Joint core.
Submitting loops V and VI to the same discussion, we
find that in V, which corresponds to the mitre joint, for a value
Charhart and Patterson, Electrical Measurements, p. 313.
ii I
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of H = one, the value of B on the magnet izat ion curve is 3000. And
for the same value of H on curve VI, B =3100. As to the curves
which indicate residual magnetism, namely, the curves for the
second quarter cycle, we note that for H = 0, in curve V, B is 4200,
and for the same ^alue of H in curve VI, B is 5000. But the maximum
value of the flux used in curve V is less than that used I
In curve VI by 700 lines per square centimeter, being in one c^se
7000, and in the other 6300. Hence the value of the residual
flux in curve V, corresponding to a maximum flux density of 7000,
would be approximately 4900, which is 100 lines per square centi-
meter less than that for curve VI.
Here again we have an indication of but little difference
in the relative values of the two joints, and that difference is in
favor of the square joint.
Conclusions
.
Prom the above results one would naturally infer that
the square joint core is the more efficient. The results of the
experiments show an agreement between the four following indepen-
dently determined quantities. Residual magnetism, magnetizing
current, magnetization curves as determined by direct current
measurements, and the B and H curves as determined by alternating
current measurements. It should be here added that between the
taking of the hysteretic cycle and the magnetizing current measure-
ment, the cores were taken apart, that is, the end pieces were
taken out preparatory to rewinding for the other experiment. That
the results obtained before this change ?;as made to agree with these
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after should be of some significance; because the building up of
the joints is liable to in' roduoe a greater variation tha-i any
differences due to the style of joint. It would not be justifi-
able, however, to conclude from these tests which is/the better joint,
based upon such a small number of determinations.
Before deciding definitely upon the question, it would,
be necessary to run through at least six such tests as the one
described above. It would be necessary, because in putting together
the cores the same care might not have been exercised in
making the joints. One core might have been left with a con-
stantly greater air gap than the other. Six different trials at
taking apart and putting together between tests would undoubtedly
eliminate this error. It will be noticed inasmuch as the
magnetic circuit of the mitre joint is 0.256 in. longer than
the i;;agnetic circuit of the square joint, it is very probable
that some such error as described, in putting together, was present.
But an examination of the joints did not show any noticeable
lifference in the manner in which the two different types of
joints v/ere put together.
The conditions and nature of the test had been, as nearly
as possible, set forth here, and any conclusions drawn must be
with these in view.
It can be safely stated, however, tha 4; for these two cores,
built up and put together as they were at the time this
test was made, the square joint core is the more efficient by an
amount represented by the requirement of 65.2^ current

for magnetization when theater joint required 60.0 per cent,
under the same conditions.

CHAPTER VI
CALIBRATION OP INSTRUMENTS
The following are the instruments which were used in
these investigations.
Name Make Number Tabic
Ammeters Thomson(G. E. Co. ) 14003 - 15 amperes GC
Thomson » 13457 - 50 it G7
Hoyt (WHitney) 4158 0-1. 2, 0-10 " G4
V/eston 1846 -1.5 ti
Voltmeters V/eston 857 0-60, 0-120 ,0-1200 G8
V/eston 831 0-1 20,0- 1200 G8
Wattmeters V/eston 285 - 75 watts G2
Weston 295 -750 tt G3
V/eston 213 0-7500 ft G5
V/eston 1060 0-7500 tt G5
Electrodynamometer
,
Carpenter, variable Gl
Frequency meter, Carpenter
Galvanometer, d'Arsonval
Resistance boxes, Nalder and Queen.
Methods Used in Calibrations
The ammeters were calibrated on the standard potentiom-
eter of the physics laboratory. In this method the fall of poten-
tial over 3. standard resistance is compared with the electro-mo-
tive force of a standard cell.
The voltmeters were compared directly with the laboratory
standard Weston voltmeter number 172.
The wattmeters were calibrated by the voltmeter ammeter
method, using direct current. The particular instruments used in
each calibration may be seen by reference to the tables of results,
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classified on the preceding page. The current for the wattmeters
of lower range was furnished by a storage battery, while an Edison
six kilowatt, 125 volt, dynamo furnished currnet for the meters
of larger range.
In using direct current for calibrating alternating cur-
rent instruments it is necessary to reverse the direction of the
current for a second set of readings after taking the first. The
mean of the two readings thus taken will be the reading for that
value of current and electro-motive force of an alternating current.
The electrodynamometer used is an instrument devised by
Mr. H. V. Carpenter*"* to aid in the measurement of very small induc-
tances. It is a very delicate electrodynamometer, and, when con-
nected up as shown on plate Gib, will give a deflection which is
proportional to the square of the applied electro-motive force.
By adjusting the resistances in R_ and RQ very small electro-
motive forces can be made to give a readable deflection. In order
to calibrate this instrument to read potentials it is necessary to
use a standard voltmeter, but as the direct reading of the electro-
motive force was not necessary in these investigations, this cali-
bration was not made. The instrument was, however, calibrated to
read in terms of magnetic induction in the following manner. On
plate Gib, S is an air core transformer, about five feet long*
The primary consists of 6.29 turns per centimeter of length of
number 18 E. &. S. ge/uge magnet wire;* The area of the coil is
9.186 sq. cm. The secondary is of 2000 turns of number 25 B. & £.
gauge magnet wire. and R^ are two resistance boxes connected
I'
'"Physical Review, X:54, Jan. 1900.

up to the electrodynamometer colls as shown. A is the Whitney
Hoyt ammeter number 4158, reaoing directly to hundredths of am-
peres.
From A the current flowing in the circuit can be deter-
miner, and hence the magnetizing force, which is equal to 4 n-^I
divided by 10 = 1.26 n^I , where n^ is the number of turns per cen-
timeter of length and I is the current. B =yWH, but for air^ =
unity, hence B = H = 1.26n I, per square centimeter of area of the
solenoid. To find the total flux it Will be necessary to multiply
the flux density by the sectional area of the coil, 9.876 sq. cm.
As each of the 2000 turns of the secondary winding is cut by this
total flux, the total interlinkage will 2000 x B x9.876 = 19752B.
B is varied by means of a rheostat controlling the voltage im-
pressed upon the primary of the solenoid. This, of course, varies
the secondary electro-motive force, and deflections are obtained
which are plotted against the total flux corresponding to that
value of the current. Table Gl shows these values, from which the
curve on plate Gl is plotted. Since the readings obtained from
the ammeter are virtual values of the current, B and H must be
multiplied by the square root of two to obtain B and Hr
" ^ max max
The reason for not carrying the calibration further was
the inability of the primary coil of the solenoid to carry any
larger current than the maximum used. It is possible that the
values of the flux determined as above are not very accurate.
This would be inferred from the high values of permeability ob-
tained. If such an error exists, it must be constant, hence the

values will be relative, and for the experiment in which this in-
strument was used this was the important factor.
The frequency meter was also devised by Mr. H. V. Carpen-
ter. It consists of a steel wire stretched between two supports,
in front of an electro-magnet placed midway between them. The
current of which the frequency is to be measured is passed through
the windings of the magnet. One of the supports is movable and
is shifted back and forth until a point is reached which gives the
maximum vibration of the wire. A scale is fixed along the wire,
and the position of the movable support is read on this scale.
The instrument was calibrated by Mr. Carpenter, and the scale reads
directly in cycles per second. Readings were checked several times
by means of a speed counter.
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Table Al
HYSTERESIS TEST No. 1.
0. E. Rinn
I H d
2
R AD 2B
.19 2.76 + 185 1500 t 11420 +11420
.37 5.37 65 4020 15440
.56 8.12 57 1000 2360 17800
ft r>
. / tj 10.30 48 500 990 18790
.82 11.90 135 100 560 19350
.91 12.20 78 323 19673
.98 14.20 55 228 19901
1 .05 15.00 38 157 20058
1..11 16.10 45 • 187 20245
1 .06 15.40 - 10 - 41 20204
1..00 14.50 32 50 66 20138
.95 13.50 48 99 20039
.84 12. 20 70 144 19895
.73 10.60 105 216 1967 9
.57 8.25 97 100 402 19277
.35 • 5.06 218 902 18375
.17 2.46 68 500 1400 16975
115 2360 14615
.17 2.46 400 8230 6385
.25 5.06 109 1500 6730 _
.57 8.25 65 1000 2690 3035
.73 10.60 55 500 1130 4165
.84 12.20 130 100 538 4705
.92 13.30 87 361 5064
1..00 14.50 66 <£ / «_ 5337
1,.05 15.30 42 174 5511
1..09 15.80 31 128 5639
I .05 15.30 + 8 + 33 5606
.99 14.40 30 50 62 5544
.92 13.30 44 91
.83 12.00 65 134 5319
.72 10.40 101 208 5111
.56 8.12 83 100 344 47 67
.34 4.93 210 S68 3899
.16 2.32 70 500 1440 2459
11C 2260 199
.16 350 1000 14500 4-14301
.55 5.06 88 2000 7280 21581
57 8.25 64 1000 2650 24231
73 10.60 30 500 618 24849
.84 12.20 123 100 508 25357
.92 13.30 78 324 25681
.99 14.40 51 £11 25892
1..05 15.30 38 157- 26049
1..09 15.80 28 116 26165

HYSTERESIS TEST No. 2.
G. E. Ring
I B R AB £B
.05 .73 + 35 500 + 722 -i- 722
.12 1.74 85 1750 2472
.20 2.90 70 1000 2890 5362
.25 3.63 40 1650 7012
.ro 4.22 238 100 984 7996
.32 4.65 160 662 8658
.35 5.08 110 455 9113
. Ocj 4.65 - 10 - 41 9072
.29 4.22 sooo 50 78 8994
.25 3.63 60 124 8870
.20 2.90 110 227 8643
.12 1.74 125 100 516 8127
.05 .73 37 500 763 7364
42 865 6499
.05 .73 75 1543 4956
.12 1.74 150 1000 6200 - 1244
.20 2.90 143 5920 7164
.25 3.63 93 500 1930 9094
.29 4.22 45 927 10021
rzo
. v. lO 4.65 148 100 612 10633
.35 5 . 08 104 430 11063
.32 4.65 + 13 + 54 11009
.29 4.22 52 50 107 10902
.25 3.63 74 154 10748
.20 2.90 124 253 10495
.12 1.74 115 100 47 6 10019
.05 .73 148 612 9407
198 818 8589
.05 .73 75 500 1543 7046
.12 1.74 160 1000 6620 + 426
.20 2.90 145 6000 5574
.25 3.63 88 500 1810 7384
.29 4.22 215 100 888 8272
.32 4.65 138 562 8834
.35 5.08 100 413 9247
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Table A3
HY2TKREGI5 TEST No. 3.
G. E. Ring
I H d
2
R AB ZB
.03 .44 + 10 500 -1- 207 4- 207
.08 1.16 215 100 888 1095
.14 2.03 78 500 1685 2780
.18 2.61 51 1102 3882
.20 2.90 180 100 890 4772
.23 3.34 115 47 5 5247
.24 3.48 188 50 407 5654
.23 3.34 - 12 - 26 5628
.20 2.90 25 54 5574
.18 2.61 40 87 5487
.14 2.03 85 184 5303
.08 1.16 163 353 4950
.04 .58 106 100 438 4512
183 756 3756
.04 .58 45 500 974 2782
.08 1.16 150 5247 - 465
.14 2.03 230 4980 5445
.18 2.61 124 2680 8125
.20 2.90 78 1685 9810
.22 3.19 215 100 888 10698
.24 3.48 150 620 11318
.22 3.19 + 23 50 + 50 11268
.20 2.90 37 80 11188
.18 2.61 54 117 11071
.14 2.03 90 195 1087 6
.08 1.16 184 398 10478
.04 .58 223 483 9995
132 100 545 9450
.04 .58 41 500 887 8563
.08 1.16 164 3550 5013
.14 2.03 280 6060 + 1047
.18 2.61 87 1882 2929
.20 2.90 205 100 846 3775
.22 3.19 128 528 4303
.24 3.48 96 397 4700

Table A4
HYSTERESIS TEST No. 4.
G. E. Rins
I H d2 R AP 2B
.28 .88 + 170 100 + 1805 + 1805
. 62 1. 93 160 500 8470 1027 5
1.17 3.65 OP 5040 15315
] .70 5.31 56 2970 18285
2.25 7.03 165 100 1751 20036
2.80 8.75 118 1252 21288
3,35 1C.46 90 955 22243
2.80 8.75 - 48 50 - 254 21989
2.25 7.03 62 329 21660
1.70 5.31 90 477 21183
1.15 3.59 143 757 20226
. 60 1.87 108 100 1145 19081
. 28 .88 97 1030 18051
88 17127
.28 .88 145 1538 15589
. 60 1.87 145 500 7680 7909
1.15 3.59 168 8900 - 991
1.70 5.31 50 2650 3641
2.25 7.03 25 1325 4966
2.77 8. 65 108 100 1145 6111
3.35 10.28 80 849 7060
2.77 8.65 + 47 50 249 6811
2.25 7.03 70 370 6441
1.70 5.31 92 488
] .15 3.59 145 768 5185
.60 1.87 115 100 1220 3965
.28 .88 97 1030 2035
102 1081 954
.28 .83 150 1590 + 636
.60 1.87 160 500 8470 9106
1.15 3.59 190 10050 19156
1.70 5.31 70 3708 22864
2 • 25 7.03 35 1855 24719
2.77 8.65 110 100 1170 25889
2.35 10.46 80 S48 26737

HYSTERESIS TEST No. 5.
G. E. Ring
I H do R AB
-
.28 .88 + 140 100 f 1485 + 1485
.6 1.87 132 500 6980 8465
1.17 3.65 93 4930 1 li Q 5
1.7? 5.40 55 2920 16315
2.28 7.12 30 1590 17905
1.73 5.40 - 35 100 - 370 17535
1.15 3. 59 110 50 583 16952
.60 1.87 188 996 15956
. .28 .88 98 100 1038 14918
98 1038 13880
. 28 .88 28 500 1485 12395
.60 1.87 155 8210 4185
1.15 3.59 160 8470 - 4285
1.72 5.37 55 2920 7205
2.25 7.03 154 100 1632 8837
1.72 5.37 + 22 +• 235 8604
1.15 3 . 5 9 105 50 556 8048
. 60 1.87 185 978 7070
. 28 .88 80 100 848 6222
85 902 5320
.28 .88 145 1520 3800
.60 1.87 155 500 8210 + 4410
1.15 3.59 165 8730 13140
1.70 5.31 50 2650 15790
2.25 7.03 155 100 1645 17435

Tablo A6
:
HYSTERESIS TEST No. 6
.
G. E« Ring
TX T.Tn d
2
prt AT)
. ooo • <~ C?A 4- AO K + " 3Q
70P RA 1 no QAO 1 °P7x^c /
. AAR X • «. O S7 ROO ^fiPO 4-O07
AAO p o ao OA <J <Jf~> 1 0PP7
• O CVJ £0 A cPO 1 A7A7X*± / *I /
<o . ij t_ o — PO 1 00 _ 9° A— <C<o u 1 A^P7
a a n
JL • O 1 A"^
.225 .702 68 584 15894
.090 .281 50 2S3 13611
45 254 13557
.090 .291 60 ^o 15018
.702 122 690 12528
.4-40 1.375 45 500 2540 9788
.650 2.026 65 5680 6108
.955 2.670 27 1525 4585
.650 2.026 + 11 100 + 124 4707
.440 1.375 O 50 156 4845
.220 .695 54 505 5148
.090 . <c81 22 100 248 5596
15 170 5566
.090 .281 25 285 5849
.220 .695 105 50 595 6442
.440 1.375 500 50 2822 9264
. 650 2.026 350 100 3730 12994
.850 2. 650 205 2320 15314

Tabic D1
SUMMARY OP RESULTS OP TESTS
THOMSON-HOUSTON TRANSFORMER No. 39821
COPPER LOSS
Secondary Copper Efficiency
V.'atts Loss
watts
100 .15 28.75
200 .59 64.15
500 1.35 75.86
400 2.36 81.64
560 4.63 86.48
660 6.42 88.26
760 8.52 89.52
850 10.65 90.39
950 12.35 91.18
1050 16.35 91.67
1140 19.2 92.08
1240 22.6 92.44
1340 26.5 92.72
1430 30.2 92.91
1500 33.2 93.04
1600 37.8 93.19
REGULATION
Secondary Primary Secondary
V.'atts Volts Volts
cor. cor.
175 1100 108.6
450 1100 108.0
635 1100 107.5
740 1100 107.0
940 1100 106.4
1160 1100 105.3
1270 1100 105.0
1550 1100 103.1
Resistance primary: 7.090 ohms at 22.5°C.
Resistance secondary: 0.073 ohm at 23°C.
Core Loss: 61 cycles, 70. 2 watts; 116 cycles, 52 watts. 32°C.

Table CI
SUIJ.iARY OF RESULTS OF TESTS
DIAMOND TRANSFORMER. 1.5 KV/.
COPPER LOSS
Secondary Copper Efficien
Loss
watts
100 .16 9.84
200 .62 54.69
300 1.40 69.50
400 2.49 76.90
500 3.89 81.20
750 8.74 86.90
1000 15.50 89.40
1500 35.10 91.65
REGULATION
Secondary Primary Secondary
Watts Volts Volts
cor. cor.
50 1020 99.5
100 1020 98.9
150 1020 98.7
200 1020 98.4
250 1020 98.2
300 1020 97.9
400 1020 97.5
500 1020 97.1
750 1020 95.0
1000 1020 93.5
1250 1020 92.8
1500 1020 90.7
Resistance of primary: 6.104 ohms at 22°C.
Resistance of secondary: 0.0944 ohms at 22°C.
Core Loss: 80 watts at 121 cycles, 105 watts at
61 cycles, Loth at 27°C.

Table C2
r
SUMMARY OF RESULTS OF TESTS
PHOENIX TRANSFORMER No. 105.
COPPER LOSS
Secondary Copper Efficiency
Watte Loss
watts
100 .11 42.39
200 .45 71.02
300 .96 80.51
400 1.71 85.70
500 2.66 87.70
750 5.98 91.50
1000 10.69 93.20
1500 27.21 94.40
REGULATION
Secondary Primary Secondary
Watts Volts Volts
cor. cor.
50 1000 47.0
100 1000 46.3
200 1000 46.0
250 1000 45.5
500 1000 45.0
750 1000 44.5
1000 1000 44.0
1250 1000 43.5
1500 1000 43.3
Resistance of Primary, 8.553 ohms at 22°C.
Resistance of Secondary, 0.02C9 ohm at 22°C.
Core Loss, 57.5 watts at 121 cycles, 75 watts at
61 cycles. Both at 24.3°C.

SUMMARY OF RESULTS OF TESTS
PACKARD TRANSFORMER No. 22551
COPPER LOSS
Secondary Copper Efficien<
Watts Loss
watts
100 .27 74.23
200 1 . 07 85.71
300 2.41 90.02
400 4.29 92.05
500 6.70 95 . 15
750 15.10 94. 31
1000 26.80 94. 57
REGULATION
Secondary Primarjr Secondary
Watts Volts Volts
cor. cor.
80 440 87.7
165 440 87.7
250 440 87.5
500 440 87.2
480 440 87.2
675 440 85.9
770 440 85.9
860 440 85.4
925 440 85.3
1050 440 84.2
1100 440 84.0
Resistance of primar^r: 4.730 ohms at 23.5°C.
Resistance of secondary: 0.0802 ohm at 23.5°
Core loss: 42.2 watts at 61 cycles at'26.5°C
29.1 v/atts at 127 cycles at 270c.
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Table D2
SUMMARY OP RESULTS OF TESTS
PACKARD TRANSFORMER No. 22532
COPPER LOSS
Secondary Copper Efficiency
Watts Loss
watts
100 ..27 75.52
200 1.07 87.36
300 2.42 91.12
400 4.31 92.87
500 6.73 93.81
750 15.16 94.75
1000 26.88 94.89
REGULATION
Secondary Primary Secondary
Watts Volts Volts
cor. cor.
225 440 87.6
370 440 87.2
525 440 86.4
730 440 85.8
970 440 85.6
1150 440 84.5
Resistance of primary: 4.730 ohms at 24°C.
Resistance of secondary: 0.0808 ohm at 24°G.
Core loss: 45.8 watts at 61 cycles at 26.5°C.
31.2 watts at 127 cycles at 27.0°C.

Table El
HYSTERESIS TEST No. 1.
Packard Large Dovetailed Core , Mi tre Joints
-L n AP t- LJ
. 12 • 23 + 31 10 f 105 + 105
.21 .41 60 202 307
. 30 . 58 95 318 624
. 37 .72 7-5 • 254 87 9
.42 .81 84 287 1166
. 51 . 99 165 557 1723
. 60 1. 16 108 20 732 2755
.73 1.42 160 1080 5835
. 84 1. 63 115 780 4615
.72 1.40 - 30 10 - 101 4514
. 60 1 . 16 40 ] 35 437 9
. 50 . 97 42 144 4255
.42 .81 37 125 4110
.37 .72 24 81 4029
. 30 . 58 29 98 3931
.21 .41 54 182 3749
. 12 66 223 5526
o 88 297 3229
. 12 . 23 118 400 2829
.21 .41 156 527 2302
. 30 . 58 40 50 67 6 1626
. 37 .72 114 20 776 850
.42 .81 118 800 50
. 50 . 97 205 1590 -1340
. 60 1. 16 173 1170 2510
.73 1 .42 248 1680 4190
. 84 1. 63 167 1130 5320
.73 1 .42 + 14 + 95 5225
. 59 1. 14 34 10 115 5110
.50 . 97 33 111 4999
• 42 . 81 35 118 4881
. 36 .70 26 88 47 93
.30 . 58 26 88 4705
.20 . 39 53 179 4526
.12 .23 66 223 4503
90 304 3999
. 12 « (CO 120 405 3594
.20 . 39 85 20 57 5 3019
. 58 122 826 2193
. 36 .70 128 868 1325
.42 .81 141 955 370
.50 .97 272 1840 + 1470
.59 1.14 97 50 1640 3110
.72 1.40 90 1520 4630
.84 1.63 117 20 795 5425

HY2Tr'R : -::.ir Ti'.rT No. o. »
Packard C'mo T T..mai i Dovetailed Core, Mitre Joints
T1 ITn d2 R
A P
T. O
• c. f + 21 10 4- OO' 92 1 ooT
r- m
• oo 1 • .£.1 88 100 3872 3964
1 oo r-> o o
* C O 167 50 a* o o FT /* O7 662
1 /? A
1 . 6C o • c4 68 1493 9155
O T r-»2. IS 175 10 770 9925
. 56 c o c5 . 85 111 488 10413
B on5 • 27 r «TtO 155 a* o o682
4 . 57 TO /" O1U « rtc. 110 20 O A* O968 1206^;
*T or3
. 25 f « ftt, -147 10 — 647 11^16
g . 5 2 O • t 1 125 cr c f\550 107 66
. . 12 A OAft . oft 100 440 T O 15 O £10326
1.58 ^ c r^ . ou 139 6 1
5
OFT T '79713
T AO o o o
• CO 104 20 916 OFT OFT87 97
• 53 1 O T1 . C.1 101 Pi f~v Ci889 FT O O O7908
. 11 O P• . c 140 12c2 /? £ FT A*6676
aU 110 10 485 A* T O T6191
T O
• 10 o r7. t_ O 92 20 OAT801 cr B OO5390
CT *"*
. 5o 1 OT 155 150 T O /I OA104t,0 C A ^ O— CO 30
1 OO1 00 o oo<o . lOU 260 50 Cfjoo5720 T A n ET A107 50
1 • 58 5 AO. OU 92 r- o /i O2042 T on ao127 92
OAft » oft 115 20 T O T O1012 13804
O r- r~2.55 « Ol 76 /> r ^65 V 1446c
O • c>O / . fr U 100 r~\ r^> r\880 15<v4«:
4
. 50 T O fir*1 L ' • <C / 130 1 T A cr1145 16488
3 • 22 r • oo + lie 10 + 57 u T CAT n15^18
£- . 0<C u • / o 95 ^ CI T481 15537
2.10 ft • / O 65 .c86 15i51
T cry1 . 57 * Do 106 A API467 14 / 84
T O O1 . 00 o oo<C • <CO 160 7 [)4 T yi o o o14080
• «_/»„.
T, OT1 » .Cl 74 20 r o 13428
T T
• 11 115 1012 T O >1 T ^12416
O
u a 47 414 T O OO O12002
T T
. 11 o c 128 10 564 1 14 c 8
C f?
JL • <, X. 138 150 9120 2318
T OO1 • 00 O OQc • ^o 104 100 4580 + 2262
T /TO1 .48 <5 • 3 / 180 20 1582 3844
2 . 12 4.83 83 7 30 4574
2.55 5.82 105 10 462 5036
3.25 7.41 150 660 5696
4.55 10.37 106 20 934 6630
\
Tabic E2
IIYstkrfsis TEST No. 3.
Packard Small Dovetailed Core, Square Joints
T1 n «
g
R 4
1 o AM
• CI + 65 10 T 2bO i o o c
C ^
• DO i on1 • <c JL 114 100 coonDUcU p H Ct A
t o i1 • UJ. 170 50 rrry a r\/4U y ».'ftc
T CP1 • OU " c Ci • oc 68 1 A oo14yu 1 O ^ c
o T e a n c4. lO 175 10 nn n1 i \j 11..UD
o c o£ . OU c c cD • Do 115 DUC IT.' I oXX 1 C
D • OC n o ti . <dc 160 1 U4 1 ACT C1 ei D 1
C
A CO o nc 115 20 n m o T r <^ c
3 • oU O /i o _ "1 ^e; 10 K OA— dy4 l^yo^
O Co C c rr
• Po 115 DUD 1 o/ o cl<c4/r:C
^ • 14 a n <~>4 . /ii 88 <7onDo / 1AA7AIfcUvy ^
J . ou rr c cCDC 125 CCADDU ii4by
T OA1 • UU O O Oc . O 96 20 o44 T O C /I C1UD4D
c Qi t on 93 ol / noon
• X<2 OBJ• CI 98 30 T o Q c ODDD
U U 120 10 cor/ QOOCoUUD
• 1<C <^n• CI 160 rj f~\Ai U4
• 53 1 Of1 . <cl 175 150 1 1 CCA11DDU A_OA_Q— 4(C-ftO
1 ooX« UU o 'JOc • <db 105 50 O "7T O ccco
1 CO1 . OU c c«J« DO 76 1 C7 Oid /U DOO Q
O T Ac • 14 A HO4. 105 20 OO K yiDo
• D / C C TD « OO 70 610 ?/DO
« r?o / * 4<d 88 774 ioc 'zn1 U D c
1
A CC4 • CD o ooy . y<d 125 1100 T T C ^O
t. ooD • c / / » 14 -+120 10 + 527 1111U
o c; c
• DD c, c TD • CI 100 440 1U D • U
o to
• Id / o o4 . / U 70 308 1U o C<i
1 ceo r< c.*
<J • D4 104 457 yyu d
T no o o o
<c, . co 150 660 AO/ Cy^4D
c •?
• oo 1 • cl 75 20 660 Q C Q CbDbO
• Lei • ^ / 125 1100 HA O C/4o D
oU o 100 10 440 O O/1 c/ U4D
• Let CO• CI 140 616 /? / onC4^y
r
< OO 1 • ;cl 166 150 10950 1 /I C O 1
T OO1»UU O DO 94 100 4104 Q C C
T CO
J. • OU "7 C C• DO 120 30 1580 T AAAClUt-UD
2 • 13 4.72 160 10 704 n o o o o
2.57 c C co • VJ >^ 104 457 11366
5.50 7.42 148 652 12018
4. 68 10.00 111 20 958 12976

Table B4
HYSTERESIS TEST No. 4.
Packard Largo Dovetailed Core
, Mitre J ointc
TX H d^ D A P, * p.
. IS O rz + 14 T -4- /I 7
. 53 1.03 112 50 1890 1937
1 . 00 1.96 265 4470 6407
1.56 3.10 158 2670 9077
2 . OR 4.17 60 1015 10092
^.48 5.04 90 20 608 10700
3. 17 6.47 120 811 11511
4. ^6 9.07 66 50 1115 12626
r . ?5 6.40 - 84 20 — 567 12059
2 .47 4.97 72 486 11573
2 . 07 4.15 103 10 348 11225
1.56 3.10 155 524 10701
1 . 00 1. 94 118 20 800 9901
» 1.03 240 1640 8260
. ii .23 20 50 338 7922
o 40 10 135 7787
. 11 .23 90 340 7447
. 5^ 1.03 100 150 5070 2347
1 . 00 1.94 310 50 5240 — 2893
1 . 55 3.08 250 4220 7113
2. 07 4.15 75 1270 8383
^.49 5.06 115 20 777 9160
6.46 142 960 10120
4. 35 9.03 76 50 1280 11400
3.13 6.35 H- 67 20 4- ^-53 10947
2 .47 4.97 104 10 356 10591
2.07 4.15 72 240 10351
1 . 55 3.08 120 460 9891
1 . 00 1.94 193 654 9237
. 52 1.03 100 20 676 8561
. 11 . (~j o 158 1070 74911 «t *J J-
7 10 24 7467
. 10 .21 85 288 717 9
. 52 1.03 98 150 4970 2209
1 . 00 1.95 265 100 8970
-f 6761
1.55 3.08 96 3250t-' C- W V.' 9011
2.08 4 • 17 63 50 1065 10076
2.48 5.04 180 10 608 10684
3.16 6.46 255 866 11550
4.38 9.10 64 50 1080 12630

Table
HXSTBRBSII HE! T No- 5.
Packard Snail Dovetailed Core, Mitre Joints
I II d2 R A B 2B
.07 .16 + 36 10 + 158 + 158
. 17 .58 54 237 395
.27 • 62 142 625 1020
.37 .85 173 761 1781
.47 1.07 275 1210 2991
.59 1.55 165 20 1434 4425
.75 1.67 153 1170 55°5
.59 1. 55 - 35 - 308 5287
.47 1.07 42 10 185 5102
.57 .85 50 220 43S2
.27 .62 46 202 4680
.17 .38 70 308 4372
.07 .16 72 317 4055
107 471 3584
.07 .16 72 20 634 2950
.17 • 38 55 50 770 2180
.27 .62 235 20 2068 112
.56 .82 245 2138 - 2026
.47 1.07 97 50 2134 4160
.59 1.35 195 20 1628 5788
.74 1. 69 140 1232 7020
.59 1.35 + 18 -1- 1584 5436
.47 1.07 40 10 176 5260
.56 . 82 45 198 5062
.2.7 . 65 *Z CJO 167 4895
. 17 . 58 67 295 4600
.07 .16 67 295 4315
• 100 440 3875
.07 .16 137 603 5272
.17 .38 100 20 880 2392
.27 .62 99 50 2178 214
.56 .82 103 2266 + 2052
.47 1.07 106 4384
.59 1.35 73 1606 5990
.75 1.67 130 20 1144 7154
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Table X
HYSTERESIS TEST No. 6.
Small Dovetailed Core, Square «j o in to
T
J. H
2
R AB
« X X .16 -1- 30 10 + 132 1 1 i
.
PO
.55 75 330 4-AP
.62 212 933 X i J 17 \J
.
^0
.83 138 20 1214 PAOQ
• ou 1.07 85 50 1870 4.4 7 Q
- AP 1.35 80 1760
.
7 cr 1.67 125 20 1100 7 ".no
• OD 1.92 65 cn n 701 1
1.67 - 37 10 - 163 77AQ
AP 1.35 50 220
1.07 49 211 7-7-17' ji /
.83 47 207 l llv
.62 40 176
. PO .35 68 299
. 1 1 .16 72 517 \J X
105 462 (JO
. 1 1• JL JL .16 142 625
.
°0
• 35 98 20 862
.
^0
.62 111 50 2440 X w t^i C7
.83 130 2860 _ O^l- X
1.07 106 2352 ^PA^
. 6? 1.35 60 1520
.7fi• ' \j 1.67 130 20 1144 ^7P7
.86 1.92 140 10 616 A^A^VJ <-"X<J
.75 1.67 + 7 + 31 A^l P
. 6P 1.35 38 167 VJ X'XkJ
. 50 1.07 44 194 RQ^I<J 17 X
.
3Q
.83 48 211 S7A0
.
^0
.62 45 198 ^ RAP
. P0
. .35 75 530 RP1 p
• JL X .16 71 312 rr VJ U
110 484 AA1 A
• 1 J. .16 155 682
.20
. 35 120 20 1056 267S
.30 .62 140 50 3080 + 402
.39 .83 157 3454 3856
.50 1.07 125 2750 6606
.62 1.35 85 1870 8476
7 R 1.67 135 20 1188 9664
• 86 1.93 127 1118 10782
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Table PI
OBSERVED DATA
with corrected values,
for comparison of Packard joints.
MITRE JOINT .
No. Volts Watts Amperes Deflections
\j \j *j • n"K c?UUOt r* n "P * VJ kj O • u UI « nT~> *=!
W831 V/235 H4] 58
mm •
1 15.0 16.0 4.1 4.1 .39 .37 3 12
o
<c 28.3 29.0 ± i.j . o 12.5 .60 .585 47
O 34.6 35.0 17.7 17.7 .70 .690 70
4 40.4 41.0 23.3 23. 3 .80 .790 95
5 45.9 46.5 28.1 23.1 .90 .890 119
6 48.6 49.0 31.9 31.9 1.00 .992 137
7 52.0 52.5 *33.0 33.0 1.10 1.090 159
8 58.3 59.0 38 . 38.0 1.20 1.180 193
9 67.8 67.6 52.0 52.0 2.00 1.950 267
10 72.0 73.0 58.0 59.0 2.50 2.450 300
11 75.2 7 6.5 65.0 65.0 3.00 2.950 325
SQ.UARE JOINT.
1 15 . 5 16.5 4.3 4.3 .39 .37 3 15
2 30.4 31.0 13.9 13. 9 . 60 . 585 54
3 36.8 37.6 19.3 19.3 .70 .690 80
4 41.7 42.2 24.1 24.1 .80 .790 100
B 46.1 46.5 28.3 28.3 .90 .890 123
6 49.3 50.0 32.1 KtO "1OCj * J. 1.00 .992 142
7 52.4 53.0 "34.0 34.0 1.10 1.090 161
8 57.3 58.0 39.0 39.0 1.20 1.180 193
9 68.4 69.0 51.0 51.0 2.00 1.950 270
10 72.2 73.0 56.0 56.0 2.50 2.450 300
11 75.6 77.0 61.0 61.0 3.00 2.950 327
*changed to W295.

Table F2
DERIVED DATA
calculated from corrected values of observed data
for comparison of Packard joints.
MITRE JOINT
Volts Core Loss
Hi max scor. watts io cm.
No. (a) (b) (c) (d) (e) (f
)
(g)
1 16.0 4.0 .250 .373 .278
2 29.0 12.3 .425 .535 .402 47 60 .00003
3 35.0 17.5 . 500 .690 .475 5550 .00003
4 41.0 23.0 .562 .790 .555 6450 .00008
5 46.5 27.7 .596 .390 .660 7300 .00020
6 49.0 31.4 .642 .992 .756 8000 .00020
7 52*5 32.4 .618 1.090 .898 8620 .00001
8 59.0 37.3 .632 1.130 .995 9550 .00001
9 67.6 50.2 .743 1.950 1.303
10 53.0 55.2 .772 2.450 2.526
11 76.5 60.9 .796 2.950 2.841
SQUARE JOINT
1 16.5 4.3 .261 .373 .267
2 31.0 13.3 .445 . 535 .380 4980 .00013
3 37.6 19.1 .508 .690 .466 5930 .00020
4 42.2 23.9 .567 .7 90 .550 6640 .00025
5 46.5 28.0 . 603 .890 .654 7420 .00020
6 50.0 31.8 .616 .992 .771 8050 .00017
7 53.0 33. 6 . 634 1.090 .386 8720 .00015
8 58.0 38.5 .664 1.190 .975 9530 .00013
9 69.0 49.8 .723 1.950 1.810
10 73.0 54.2 .743 T.450 2.540
11 77.0 58.2 .756 1.950 2.850

DATA FOR B. & H. CURVE
obtained by means of Carpenter electroclynarnometer.
MITRE JOINT
No
-I1
\ a
;
on q
• CIO
II letA
\ )
•7 O
Defl.
ram.
(c)
12
8
(a)
yvA -
1
( f ) Httio V
oC /no 1 • lO 47 3370 AH Cf\4 7 60 A O A A4<-00
r?O • *± 1 D 1 • <J*t 70 3920 PC K tr f\ A T KA
c; c: c 1*0/ 95 4560 CA c;A /I 1 AA
can X » CO 119 5160 h ^aa CooU
O pics• / DC «£ • 14: 137 5650 onAo
I
OQQ o cr/i
<G . 04: 159 6100 oOd\J
8 • 995 2. 81 193 67 50 9550 3400
9 1.803 5.08 267
10 2.326 6.54 300
11 2.841 7.90 325
SQUARE JOINT
1 .267 .75 15
2 .380 1.07 54 3550 4980 4660
3 .466 1.31 80 4190 5930 4530
4 .550 1.55 100 4700 6640 4300
5 .654 1.84 123 5260 7420 4050
6 .771 2.18 142 5700 8050 5700
7 .886 2.50 161 6160 8720 3500
8 .975 2 . 7 o 193 6750 9530 5460
9 1.810 5.10 270
10 2.340 6.60 300
11 2.850 8.00 327
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Table Gl
CALIBRATION OF ELECTRODYNAMOI.IETER.
Total Total
I H Flux. Interlinkage Deflection
(a) (b) (c) (d) (e)
5.0 39.6 391 682000 29
6.5 51.5 508 1016000 46
8.0 63.3 625 1250000 74
9.0 71.3 705 1410000 95
10.5 83.2 822 1644000 126
12.0 95.0 937 1874000 157
13.5 106.8 1052 2104000 193
H = 4 nl * 10 = 1.26nl = 7.921.
A = 9.87 6
n = 2000
Total Flux = AH = 9.376H
Total Interlinkage = nAH = 19752H

CALIBRATION OF WESTON WATTMETER Ho. 285.
Volts Amperes Watts
W172 H4158 cor. W285 true
s tandard
29.5 .210 .195 5.7 7.75
28.5 .360 .345 10.0 9.85
59.5 .435 .420 24.0 25.00
58.5 .565 .550 31.6 32.20
57.5 .702 .690 39.2 39.70
56.6 .852 .840 46.3 47.50
55.6 1.000 .992 54.0 55.10
current reversed
41.0 1.000 . 992 41.3 40.60
46.0 . 665 .654 30.7 30.70
44. 5 .766 .7 55 34.4 33.60
48.4 .517 .500 25.0 24.20
50.0 .400 .385 20.2 19.50
21.0 .472 .456 10.0 9.60
25.0 .210 .195 5.0 4.88

Tabic G3
CALIBRATION OP WESTON WATTMETER No. 295
Volts Amperes Watts
W172 H4158 cor. W285 true
standard
58.7 1.150 1.140 68.0 67.0
60.2 .890 .880 60.0 58.0
61.8 .710 .7 00 45.0 43.3
63.4 . 537 .520 35.0 33.0
41.5 .596 .580 25.0 24.0
43.0 .340 .325 15.0 14.0
current reversed
25.2 .210 .195 5.0 4. 9
20.2 .552 .540 10.0 10.9
59.7 .475 .460 25.0 27.5
58.0 .583 .570 30.0 33.0
54.6 .794 .780 40.0 42.6
51.3 1.000 .992 50.0 51.0
49.0 1.150 1.140 5 o . 56.0

Table G4
CALIBRATION OF WHITNEY HOYT AMMETER No. 4153
BY POTENTIOMETER
Ammeter True Ammeter True
Reading Current Reading Current
lower scale
.110 .097 *1.130 1.130
.212 .136 1.023 1.013
.280 .272 .877 .868
.435 .413 .753 .759
. 500 .438 .655 .642
. 535 .57 6 .585 .572
. 657 .647 .500 .486
.772 .762 .433 .418
.383 .874 .369 .343
1.025 1.020 .300 .272
1.100 1.100 .207 .183
1.130 1.130 .110 .098
upper scale
2.20 2.15 ---2.20 2.16
1.75 1.78 1.35 1.79
1.40 1.37 1.50 1.44
current reversed
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Table 05
CALIBRATION OP WESTON WATTMETERS Nos. 213 AND 1060.
Volts Amperes Watts
VI aOx cor. rn -\ a C\r\r\ cor. true
4£ . 4o . 5 8.5 9. 00 37 5 .592
52 . 10 .4 crftOOU O / 5
58 .
5
5 9 . 12 . 700 r~l A 19743
69.5 70.0 14.2 14.86 1025 1041
34.7 35.1 6.7 7.10 260 249
23.2 24.0 4.1 4.45 100 107
77.5 79.0 *16.6 17.6 1300 1390
82.5 84.0 18.2 19.2 1515 1615
70.2 71.0 24.0 25.3 1760 1795
86.4 87.5 CO c<c<^ • o 23.7 2000 2075
74.2 75.2 no • O 29.3 2250 2210
83.0 84.6 28.6 30.1 2500 2550
90.4 91.5 33.6 35.4 3200 5240
99.0 100.3 36.0 38.0 3700 3820
T14008 W1060
28.2 28.8 9.1 9.6 260 276
45.2 45.5 "16.5 17.5 750 795
40.0 40. 6 24.5 25.8 980 1048
44.2 44.7 27.5 29.0 1250 1295
49.0 49.5 31.0 32.5 1550 1610
60.0 61.0 32.5 34.3 2015 2090
55.5 KR . Q 43.0 45.2 2500 2560
changed to T13457
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Table G6
CALIBRATION OF THOMSON AMMETER ITo. 14003
BY POTiiirTIO.^TER.
Ammeter Volts True Ammeter Volts True
Reading X5000 Current Reading X5000 Curren
T 14008 T 14008
12.40 647 12.94 currenit reversed
14.05 7 37 14.74 3.20 157 3.14
10.00 535 10.70 5.00 245 4.90
3.06 445 3.90 6.55 329 6.58
6.80 335 7.70 7.90 398 7.96
5.40 304 6.08 8.90 444 3.88
4.00 217 4.34 10 . 50 532 10.64
2.40 153 3.06 2.10 102 2.02
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Table G7
CALIBRATION OP THOMSON AM ETSR Ho. 13457
BY POTENTIOMETER.
Ammeter Volts True Ammeter Volts True
Reading x5000 Current Reading x5000 Currei
T13457 T 13457
9. 70 502 10.04 47. 60 2502 50.04
6.50 340 6.80 45. 10 g ^ ry 46.75
14. 95 7 54 15.08 40. 30 2086 41.72
19.80 1010 20.20 35. 10 1837 36.74
25.10 1289 25.78 30. 10 1594 31.28
30.00 1546 30.92 25. 30 1392 27.44
35.20 1835 36.70 20. 00 1087 21.74
40.20 2099 42.92 15. 20 857 17 . 14
45.00 2349 46. 98 6. 90 409 8.13
47.10 2500 50.00 10. 00 579 11.58
current reversed "betrreen these tv/o sets
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Table GO
CALIBRATION OF WESTON VOLTMETERS Nos. 831 AND 857.
Volts Volts Volts
W172 V/831 V/857
standard
10.8 10.0
19.8 18.5
31.0 30.5 32.0
39.8 39.2 40.3
49.6 49.0 50.0
60.2 59.5 60.6
61.5 60.6 61.8
69.7 68.9 70.0
82.9 81.0 82.0
90.8 90.0 91.0
99.2 98.0 99.2
109.0 108.0 108.9
120.6 119.3 120.0
connections reversed
121.0 120.0
109.0 108.9 108.2
99.2 99.1 98.3
91.0 90.8 90.0
78.0 77.7 77.0
69.6 69.4 69.0
59.2 59.0 58.2
4-9.8 49.3 48.8
40.4 40.2 40.0
30.6 30.2 30.0
20.5 20.1
10.2 10.0
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